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1. 

ELECTRICAL DEVICE AND METHOD 

BACKGROUND 

This invention relates to a device and to a method. More 
particularly, the invention relates to a device including a sen 
Sor chip and a method for fabricating a device including a 
sensor chip. 

Devices including sensor chips are used in every day life. 
Applications of sensor chips include automobiles, machines, 
aerospace, medicine, industry and robotics. Technological 
progress allows more and more sensors to be manufactured 
on the microscopic scale, mostly included in semiconductor 
chips. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to provide a 
further understanding of embodiments and are incorporated 
in and constitute a part of this specification. The drawings 
illustrate embodiments and together with the description 
serve to explain principles of embodiments. Other embodi 
ments and many of the intended advantages of embodiments 
will be readily appreciated as they become better understood 
by reference to the following detailed description. The ele 
ments of the drawings are not necessarily to scale relative to 
each other. Like reference numerals designate corresponding 
similar parts. 

FIG. 1 illustrates a schematic representation of an embodi 
ment of a device in a sectional side view. 

FIG. 2 illustrates a flow diagram of an embodiment of a 
method for fabricating a device. 

FIG.3 illustrates a schematic representation of an embodi 
ment of a further device in a sectional side view. 

FIGS. 4A-G illustrate schematic representations of inter 
mediate products and a device in a sectional side view, respec 
tively, to illustrate fabrication processes to fabricate a device. 

FIGS. 5A-G illustrate schematic representations of inter 
mediate products and a further device in a sectional side view, 
respectively, to illustratefabrication processes to fabricate the 
further device. 

FIGS. 6A-G illustrate schematic representations of inter 
mediate products and a further device in a sectional side view, 
respectively, to illustratefabrication processes to fabricate the 
further device. 

FIG. 7 illustrates a schematic representation of an embodi 
ment of a further device in a sectional side view. 

FIG. 8 illustrates a flow diagram of an embodiment of a 
method for fabricating the further device. 

FIGS. 9A-E illustrate schematic representations of inter 
mediate products and a further device in a sectional side view, 
respectively, to illustratefabrication processes to fabricate the 
further device. 

FIG. 10 illustrates a schematic representation of an 
embodiment of a further device in a sectional side view. 

DETAILED DESCRIPTION 

In the following Detailed Description, reference is made to 
the accompanying drawings, which form a parthereof, and in 
which is shown by way of illustration specific embodiments 
in which the invention may be practiced. In this regard, direc 
tional terminology, such as “top,” “bottom.” “front.” “back.” 
“leading.” “trailing.” etc., is used with reference to the orien 
tation of the Figure(s) being described. Because components 
of embodiments can be positioned in a number of different 
orientations, the directional terminology is used for purposes 
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2 
of illustration and is in no way limiting. It is to be understood 
that other embodiments may be utilized and structural or 
logical changes may be made without departing from the 
scope of the present invention. The following detailed 
description, therefore, is not to be taken in a limiting sense, 
and the scope of the present invention is defined by the 
appended claims. 

It is to be understood that the features of the various exem 
plary embodiments described herein may be combined with 
each other, unless specifically noted otherwise. 
The devices described in the following contain sensor 

chips. The specific embodiment of these sensor chips is not 
important in this case. The sensor chips may contain electro 
mechanical or electro-optical functional elements. An 
example of an electro-mechanical sensor is a microphone. 
Examples for the electro-optical case are photo-diodes or 
diode lasers. The sensor chips may also function fully elec 
trically, for example as Hall effect sensors. The sensor chips 
may be embodied as MEMS (Micro-Electro Mechanical Sys 
tems), wherein micro-mechanical moveable structures Such 
as, for example, bridges, membranes or reed structures may 
be provided. Such sensor chips may be motion sensors, which 
may be embodied as acceleration sensors (detecting accelera 
tions in different spatial directions) or rotation sensors. Sen 
sors of this type are also referred to as gyrosensors, roll-over 
sensors, impact sensors, inertial sensors, etc. They are used 
for example in the automotive industry for signal detection in 
ESP (Electronic Stability Program) systems, ABS (Anti 
Lock Breaking Systems), airbags and the like. Usually Such 
sensor chips are made of a semiconductor material. However, 
the sensor chips are not limited to be fabricated from a spe 
cific semiconductor material. They may additionally contain 
non-conductive inorganic and/or organic materials. 

There are also illustrated devices which may further 
include a semiconductor chip, which may serve to control the 
functionality of the sensor chip or to process signals that are 
sensed and/or generated by the sensor chip. By way of 
example, in the case of the sensor chip being a motion sensor, 
the deflection of a moveable element comprised in the sensor 
chip may be read piezoresistively or capacitively and may 
then be processed by the semiconductor chip. The semicon 
ductor chip may be coupled to the sensor chip for the purpose 
of a (bidirectional) data exchange. The semiconductor chip 
may, for example, be embodied as an ASIC (Application 
Specific Integrated Circuit). 
The Substrate Supporting the sensor chip may have a ther 

mal expansion coefficient similar or close to the thermal 
expansion coefficient of the sensor chip, in one embodiment 
when the Substrate is in close contact with the sensor chip. 
The substrate may thus be fabricated from a material having 
a thermal expansion coefficient in the range from 0.3-10/K 
to 8.2.10/K and in the range 4.0-10/K to 4.5-10/K. 

Devices described herein further contain a material layer. 
Such material layer may contain a mold compound, for 
example, be made of a thermoplastic resin or a thermosetting 
plastic (e.g., epoxy resin). In one embodiment, the material 
layer may be comprised of a prepreg material, for example, a 
prepreg material comprised of an epoxy material filled with 
glass fibers or, in other words, a glass fiber arrangement filled 
with or impregnated with an epoxy material. 

Referring to FIG. 1, there is illustrated a schematic repre 
sentation of an embodiment of a device in a sectional side 
view. The device 100 as depicted includes a substrate 1 which 
can, for example, be made of a standard material for printed 
circuitboards. A sensor chip 2 is arranged above the Substrate 
1. Different embodiments of arranging the sensor chip 2 
above the substrate 1 are illustrated further below. The sensor 
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chip 2 can be, for example, a MEMS chip. Further-on, a 
structurally homogenous material layer 3 is disposed above 
the substrate 1 and the sensor chip 2 so that a cavity 4 is 
formed between the substrate 1 and the material layer 3, 
wherein the sensor chip 2 is disposed inside the cavity 4. 

The material layer 3 can include or consist of a prepreg 
(pre-impregnated fibers) which has been laminated onto the 
substrate 1. The material layer 3 can thus include an epoxy 
material filled with glass fibers or a glass fiber arrangement 
as, for example, a glass fibermat, soaked or impregnated with 
epoxy material. The material layer 3 can further be laminated 
in Such a way that it is essentially or ideally planarized at its 
upper Surface. 

The material layer 3 is arranged above the substrate 1 and 
the sensor chip 2 in Such a way that a cavity 4 is formed 
between the substrate and the material layer 3. For this pur 
pose a housing 5 can be arranged on the Substrate 1 so that the 
walls of the housing 5 form the boundaries of the cavity 4. The 
housing 5 can be made of any adequate solid State material 
like, for example, a metallic material, a plastic material, or a 
semiconductor material. A housing 5 made of an electrically 
conducting material would serve for electrically and magneti 
cally shielding the sensor chip 2. The material layer 3 can be 
laminated onto the housing 5. 

Referring to FIG. 2, there is illustrated a flow diagram of an 
embodiment of a method for fabricating a device. The method 
includes applying a sensor chip completely above a plane 
section of a surface of a Substrate (S1), applying a structurally 
homogeneous material layer above the Substrate and the sen 
Sor chip (S2), and forming a cavity between the Substrate and 
the material layer with the sensor chip disposed inside the 
cavity (s3). 

In one embodiment, a housing is arranged above the Sub 
strate so that the cavity is defined by the inner walls of the 
housing. 

According to a further embodiment, the material of the 
material layer includes or consists of a prepreg material, the 
material layer is laminated onto the Substrate and/or the hous 
ing, in one embodiment during the application of pressure 
and/or heat to the whole arrangement. 

According to a further embodiment, at least one through 
hole is formed through the substrate and the material layer. 
The through-hole can be filled with an electrically conductive 
material so that the through-hole can be used for electrically 
connecting contact elements. 

According to a further embodiment, two or more of at least 
one sensor chip and at least one semiconductor chip can be 
applied above the Substrate, and then after applying the mate 
rial layer and further processes, a singulating procedure will 
be conducted in order to produce a plurality of devices. 

Referring to FIG. 3, there is illustrated a schematic repre 
sentation of an embodiment of a device in a sectional side 
view. The device 200 as depicted includes a substrate 1 which 
can, for example, be made of a standard material for printed 
circuitboards. A sensor chip 2 is arranged above the Substrate 
1. Different embodiments of arranging the sensor chip 2 
above the substrate 1 are illustrated further below. The sensor 
chip 2 can be, for example, a MEMS chip. Further-on, a 
material layer 3 is disposed above the substrate 1 and the 
sensor chip 2 so that a cavity 4 is formed between the substrate 
1 and the material layer 3, wherein the sensor chip 2 is 
disposed inside the cavity 4. 
The material layer 3 can include or consist of a prepreg 

(pre-impregnated fibers) which has been laminated onto the 
substrate 1. The material layer 3 can thus include an epoxy 
material filled with glass fibers or a glass fiber arrangement 
as, for example, a glass fibermat, soaked or impregnated with 
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4 
epoxy material. The material layer 3 can further be laminated 
in Such a way that it is essentially or ideally planarized at its 
upper Surface. 
The material layer 3 is arranged above the substrate 1 and 

the sensor chip 2 in Such a way that a cavity 4 is formed 
between the substrate and the material layer 3. For this pur 
pose a housing 5 can be arranged on the Substrate 1 so that the 
walls of the housing 5 form the boundaries of the cavity 4. The 
housing 5 can be made of any adequate Solid State material 
like, for example, a metallic material, a plastic material, or a 
semiconductor material. A housing 5 made of an electrically 
conducting material would serve for electrically and magneti 
cally shielding the sensor chip 2. The material layer 3 can be 
laminated onto the housing 5. 
The device 200 further includes an electrical conductor 16 

formed through the substrate 1 and the material layer 3. The 
electrical conductor 16 thus extends from an upper surface of 
the material layer 3 down to a lower surface of the substrate 1. 
The electrical conductor 16 can be produced by forming a 
through-hole and filling it with an electrically conductive 
material and it can be used to electrically connect electrical 
contact elements arranged on the Surface of the Substrate 1 
and on the surface of the material layer 3, respectively. 
The devices described so far and methods for fabricating 

them offer the following advantages and will also become 
more evident from further detailed embodiments described 
herein below. Electrical contacts can be arranged on both 
sides of the fabricated devices in a merely arbitrary manner so 
that a maximum of freedom of design can be reached. Fur 
thermore, an upside-down placement of the chips by, for 
example, the flip-chip technique, is easily possible so that the 
signal access through-hole can be provided in the Substrate 
directly below the chip. Furthermore, the concept of the 
device and its fabrication is very flexible as, for example, as 
well two or more cavities can be integrated and connected 
with arbitrary components like further chips or electrical 
devices. The cavities can, for example, be formed in one or 
more different material layers. Furthermore, the fabrication 
can be efficiently conducted in large wafer scale panels in 
which a plurality of devices can be fabricated in parallel and 
at the end the panel can be singulated into a respective plu 
rality of sensor chip packages. 

Referring to FIGS. 4A-G, there are illustrated schematic 
representations of intermediate products and a device in a 
sectional side view, respectively, for illustrating fabrication 
processes for fabricating a device. 

Referring to FIG. 4A, a substrate 1 is provided which can 
be made of any standard Substrate material like, for example, 
any material conventionally used for printed circuitboards. In 
one embodiment, the Substrate material can also be any other 
material like, for example, ceramic, glass, plastic, or the Sub 
strate 1 can also be made of a lead frame and thus consists of 
a metallic material. On the upper surface of the substrate 1 
contact elements 7 like, for example, contact pads are pro 
vided. The contact pads 7 can be made of any electrically 
conductive material and they can, for example, be printed 
onto the upper surface of the substrate 1. In the substrate 1 
there is formed a through-hole 1A to serve for signal access to 
the sensor chip. However, this is only required according to 
the functionality of the sensor chip. Instead of one through 
hole 1A also a plurality of respective through-holes can be 
provided. FIG. 4A only illustrates one section of the substrate 
1 and the further elements. A plurality of similar sections are 
disposed laterally side-by-side for receiving a respective plu 
rality of sensor chips 2. At the end the whole panel will be 
singulated into single sensor chip packages. 
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Referring to FIG. 4B, a sensor chip 2 is applied to the upper 
Surface of the Substrate 1 by, for example, attaching a lower, 
non-active Surface of the sensor chip 2 to the upper Surface of 
the Substrate 1 by using an adhesive layer or solder paste or 
any other conductive or non-conductive material. On the 
upper surface of the sensor chip 2, there are provided electri 
cal contact pads (not illustrated) of the sensor chip 2 which are 
connected by bond wires 8 to selected ones of the electrical 
contact elements 7, respectively. The substrate 1 can, for 
example, have the form and size of a conventional semicon 
ductor wafer, i.e. a circular shape having a diameter of several 
inches. In one embodiment, the Substrate 1 can also have a 
square shape. In any way, according to the present embodi 
ment a plurality of sensor chips 2 are attached onto the Sub 
strate 1 in a sufficient distance from each other. The figures 
only illustrate the fabrication in one segment of the substrate 
1. It should be noted that similar or equal fabrication pro 
cesses will be carried out in all other segments of the substrate 
1 and in a final process the whole arrangement will have to be 
separated into single sensor chip packages. 

According to FIG. 4C, a housing 5 is applied to the upper 
surface of the substrate 1. The housing 5 can be attached to the 
upper Surface of the Substrate 1 by using an adhesive material 
which can be conductive or non-conductive. The material of 
the housing 5 can be any appropriate Solid-state material like, 
for example, a metal, a plastic, or a semiconductor material. 
An electrically conductive material for the housing 5 attached 
to the upper surface of the substrate 1 by use of an electrically 
conductive adhesive material would also function as an elec 
trical and/or magnetical shielding element. The housing 5 can 
have a horizontal cover plate and four vertical side cover 
plates so that it surrounds the sensor chip 2 virtually at all 
sides and thus hermetically seals the sensor chip 2. At least 
some of the contact elements 7 may extend under a wall of the 
housing 5 from the inside of the cavity 4 to the outside of the 
cavity 4. The walls of the housing 5 can have a thickness 
which is, for example, below 1 mm, or even below 0.5mm, or 
even below 300, 200 or 100 um. 

Referring to FIG. 4D, a first material layer 9 has been 
applied onto the housing 5 and the substrate 1. The first 
material layer 9 may consist of or include a prepreg material 
in a state in which it is not yet hardened so that it has a certain 
fusibility. This fusibility can be utilized to form the first 
material layer 9 during the application of pressure and/or heat 
to the whole arrangement. Due to the flowing processes dur 
ing the pressure-influenced hardening of the prepreg material 
layer 9 it will assume an ideally or virtually flat upper surface. 
The process of applying the first material layer 9 onto the 
Substrate 1 and the housing 5 can be essentially a laminating 
process. After applying of the first material layer 9 a second 
material layer 10 can be applied onto the first material layer 9. 
The second material layer 10 can be also a prepreg material 
layer. The prepreg material of the second material layer 10 
can be the same as the prepreg material of the first material 
layer 9. In this case, an essential purpose of the second mate 
rial layer 10 is the improvement of the flatness of the upper 
surface. However, it can also be the case that the material of 
the second material layer 10 is different from the material of 
the first material layer 9. The prepreg material can consist of 
or include an epoxy material highly filled with glass fibers or, 
in other words, a glass fiber sheet or mat which is filled or 
impregnated with epoxy material. However, the material of 
one or both of the first and second material layers 9 and 10 can 
also be another material than a prepreg material. It is also 
possible that in addition to the second material layer 10 a third 
or even more material layers, in one embodiment prepreg 
material layers, can be laminated on top of one another. After 
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6 
applying or laminating of the material layers the stack of 
material layers is hardened as is in principle known in the 
prior art. 

Referring to FIG. 4E, after hardening of the material layers 
9 and 10, through-holes 6 are formed into the substrate 1, the 
first material layer 9 and the second material layer 10. The 
through-holes 6 can beformed by any conventional technolo 
gies as known in the prior art like, for example, drilling, 
punching or laserablation. The through-holes 6 are formed so 
that they extend through the contact elements 7 in order to 
electrically connect the contact elements 7 in a laterprocess to 
contact pads on the outside of the package as will be illus 
trated further below. 

Referring to FIG. 4F, the through-holes 6 have been filled 
with an electrically conductive material thereby forming elec 
trical conductors 16 between the upper surface of the second 
material layer 10 and the lower surface of the substrate 1. In 
addition, first contact pads 1.1 are formed on the lower sur 
face of the substrate 1, and second contact pads 10.1 are 
formed on the upper surface of the second material layer 10. 
Therefore, the contact elements 7 can be electrically con 
nected to one of the first contact pads 1.1 or one of the second 
contact pads 10.1, respectively. 

Referring to FIG. 4G, the whole panel is singulated or 
separated into a plurality of sensor chip packages 20 one of 
which is illustrated in FIG. 4G. According to this embodi 
ment, the sensor chip package 20 contains one single sensor 
chip 2. However, it is also possible that the sensor chip pack 
age 20 contains one or more sensor chips or one sensor chip 
and one or semiconductor chips like, for example, (a "con 
troller chiperstes Band diktiert) an ASIC or any other inte 
grated logic circuit as known in the art. The sensor chip 
package 20 as fabricated includes first electrical contact pads 
1.1 on the lower surface of the substrate 1 and second elec 
trical contact pads 10.1 on the upper surface of the second 
material layer 10. However, it can also be the case that elec 
trical contact pads are only formed on one of the Surface of the 
substrate 1 and the surface of the second material layer 10. 
The sensor chip package 20 can then be mounted onto, for 
example, a printed circuit board (PCB) by using the SMT 
technology (Surface mounting technique). 

Referring to FIGS. 5A-G, there are illustrated schematic 
representations of intermediate products and a device in a 
sectional side view, respectively, in order to illustrate fabri 
cation processes of a further embodiment of a method for 
fabricating a device. It is to be noted that the only difference 
of the embodiment as depicted in FIGS.5A-G with respect to 
the embodiment as depicted in FIGS. 4A-Glies in the way of 
attaching the sensor chip 2 to the Substrate 1, in one embodi 
ment the way of connecting the contact pads of the sensor 
chip 2 to the contact elements on the substrate 1. 

Referring to FIG. 5A, an arrangement similar as that 
depicted in FIG. 4A is fabricated besides the fact that the 
through-hole 1A can be located at another position as will be 
explained further below. 

Referring to FIG. 5B, a sensor chip 2 is provided having 
contact pads (not illustrated) on a main Surface thereof. The 
sensor chip 2 is connected up-side-down onto the contact 
element 7 by a flip-chip technique. In this technique solder 
balls 18 are connected to the contact pads on the main Surface 
of the sensor chip 2 and the sensor chip 2 is connected with the 
solder balls 18 to the contact elements 7 which have been 
fabricated on the surface of the substrate 1. If the sensor chip 
2 is connected in this way to the substrate 1, the result is that 
a distance between the active main Surface of the sensor chip 
2 and the upper surface of the substrate 1 will be obtained. 
Therefore, the through-hole 1A can be located directly below 
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the sensor chip 2 as the signal access can also be accom 
plished by accessing the space within the distance between 
the sensor chip 2 and the surface of the substrate 1. 

Referring to FIGS. 5C-G, the fabrication processes are 
similar to those as already depicted and explained with 
respect to FIGS. 4C-G above. The result of the fabrication 
process is a sensor chip package 30 as depicted in FIG.5G. 

Referring to FIG. 6A, the fabrication process is started with 
a Substrate 21, which can be, for example, a standard multi 
layer Substrate including an electrically insulating material 
having electrically conductive interlayers or interlayer sec 
tions. Into the substrate 21 a recess or cavity 24 is formed 
having a depth reaching to a interlayer plane in which elec 
trically conductive regions 27 are present. On the upper Sur 
face of the substrate 21 further electrically conductive regions 
23 are formed. A through-hole 28A is formed between a lower 
surface of the substrate 21 and a bottom surface of the cavity 
24. The through-hole 21A serves the purpose of providing 
signal access to a sensor chip to be applied. 

Referring to FIG. 6B, a sensor chip 22 is applied to the 
bottom surface of the cavity 24 in the same way as it was 
explained in connection with FIG. 4B. The contact pads (not 
illustrated) of the sensor chip 22 are connected to selected 
ones of the electrically conductive regions 27 by using wire 
bonds 28. 

Referring to FIG. 6C, a cover plate 29 is laid on edge 
portions of the upper surface of the substrate 21 so as to 
hermetically seal the cavity 24. The cover plate 25 can be of 
any Solid-state material like, for example, a metal, a plastic or 
a semiconductor material. If it is made of an electrically 
conductive material it may in addition serve as a shielding 
layer for shielding the sensor chip 22 against electrical and/or 
magnetic fields. For this purpose cover plate 29 is electrically 
connected to the electrically conductive regions 23. 

Referring to FIGS. 6D-G, similar fabrication processes are 
carried out as was already explained above in connection with 
FIGS. 4D-G and FIGS.5D-G. In one embodiment, a material 
layer 29 which can be made of a prepreg material is laminated 
onto the structure (FIG. 6D). Afterwards through-holes 26 are 
formed through the substrate 21 and the material layer 29 
aligned with selected ones of the electrically conductive 
regions 27, respectively (FIG. 6E). Afterwards the through 
holes 26 are filled with an electrically conductive material to 
form electrical conductors 36. In addition electrically con 
ductive regions 29.1 are formed on the upper surface of the 
material layer 29 and electrically conductive regions 21.1 are 
formed on the lower surface of the substrate 21, wherein the 
electrically conductive regions 29.1 and 21.1 are connected to 
selected ones of the electrical conductors 36 and serve as 
outer electrical contact elements electrically connected via 
the electrically conductive regions 27 and the bond wires 28 
to the contact pads of the sensor chip 2 (FIG. 6F). Finally the 
panel is singulated and separated into a plurality of sensor 
chip packages one of which is illustrated in FIG. 6G and 
designated with reference sign 40. 

It is to be noted that the embodiment as illustrated above in 
FIGS. 6A-G can be varied in the same way as was explained 
in connection with FIGS. 5A-G, namely in that the sensor 
chip 2 can be mounted within the cavity 24 by using the 
flip-chip technique. 

It is to be noted that in all the embodiments as depicted 
above in connection with FIGS. 4A-G, 5A-G, and 6A-G, the 
through-hole 1A or 21A which serves the purpose of signal 
access to the respective cavity, does not need to be formed in 
an early fabrication process, namely as was illustrated before 
attaching the sensor chip 2. In one embodiment, the through 
hole can also be formed after the final process of singulating 
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8 
and separating the panel into a plurality of sensor chip pack 
ages. The through-hole can then beformed into the singulated 
sensor chip packages individually. 

Referring to FIG. 7, there is illustrated a schematic repre 
sentation of a further embodiment of a device in a sectional 
side view. The device 300 includes a first substrate 310, a first 
chip 320 disposed above the first substrate 310, the first chip 
320 being a sensor chip, a second substrate 330 disposed in a 
spaced and opposite relationship to the first substrate 310, a 
second chip 340 disposed above the second substrate 330 and 
in a spaced and opposite relationship to the first chip 320, and 
a material layer 350 disposed between the first substrate 310 
and the second substrate 330, a first cavity 360 formed 
between the first substrate 310 and the material layer 350, 
wherein the first chip 320 is disposed inside the first cavity 
360, and a second cavity 370 formed between the second 
substrate 330 and the material layer 350, wherein the second 
chip 340 is disposed inside the second cavity 370. 

According to an embodiment of the device 300, the second 
chip 340 can be a processing chip or a controlling chip like, 
for example, an ASIC chip, for controlling the first chip 320. 
In one embodiment, the second chip 340 can also be a sensor 
chip and it can, for example, be a sensor chip having the same 
function as the first chip 320. 

According to a further embodiment, a first housing 380 is 
provided wherein the first cavity 360 is defined by the interior 
by the first housing 380, and a second housing 390 is provided 
wherein the second cavity 370 is defined by the interior of the 
second housing 390. 

According to a further embodiment, the material layer 350 
consists of or includes a prepreg material. 

Referring to FIG. 8, there is illustrated a flow diagram of an 
embodiment of a method for fabricating a device like, for 
example, the device as illustrated in FIG. 7. The method 
includes applying a first chip above a first Substrate, the first 
chip being a sensor chip (S1), applying a second chip above a 
second Substrate (S2), arranging the second Substrate in a 
spaced and opposite relationship to the first Substrate so that 
the first chip is in a spaced and opposite relationship to the 
second chip (S3), and applying a material layer between the 
first substrate and the second substrate so that a first cavity is 
formed between the first substrate and the material layer, the 
first chip being disposed inside the first cavity, and a second 
cavity is formed between the second substrate and the mate 
rial layer, the second chip being disposed inside the second 
cavity (S4). 

According to one embodiment, a first housing is applied to 
the first substrate, wherein the first cavity is defined by the 
interior of the first housing. 

According to a further embodiment, a second housing is 
applied to the second Substrate, wherein the second cavity is 
defined by the interior of the second housing. 

According to a further embodiment, the material layer 
consists of or including a prepreg material. 

Referring to FIGS. 9A-E, there are illustrated schematic 
representations of intermediate products and a device in a 
sectional side view, respectively, for illustrating the fabrica 
tion processes according to a further embodiment to fabricate 
a device. 

Referring to FIGS. 9A-C, the same fabrication processes 
are illustrated as in the above FIGS.5A-C. However, it is to be 
noted that the fabrication process as of FIGS. 9A-C is per 
formed with a first substrate 1 onto which a first chip 2 is 
mounted, and with a second substrate 101 onto which a sec 
ond chip 102 is to be mounted. Whereas the first chip 2 is a 
sensor chip, the second chip 102 can be a sensor chip but can 
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also be another semiconductor chip like, for example, a pro 
cessor chip or a controller chip like an ASIC chip. 

Both substrates 1 and 101 can be large area substrates 
having typically the size of a semiconductor wafer or even 
bigger than that so that on each of the substrates 1 and 101 a 5 
respective plurality of chips 2 and 102 can be placed. 

Referring to FIG.9D, an intermediate product is illustrated 
obtained after laminating material layers onto the first and 
second Substrates, respectively, and providing a further mate 
rial layer for connecting the two panels together. A first mate- 10 
rial layer 9 is applied to the first substrate 1 and the housing 5 
attached thereto and a second material layer 109 is applied to 
the second substrate 101 and the housing 105 attached 
thereto. Then a third material layer 110 is applied to one of the 
first material layer 9 or the second material layer 109 and 15 
afterwards the structure as illustrated in FIG.9D is produced 
by attaching the substrates 1 and 101 together with the third 
material layer 110 in-between. The second material layer 109 
and the third material layer 110 can be made of the same 
material as the first material layer 9 and can have the same 20 
properties and also the same method processes can be applied 
with the second material layer 109 and the third material layer 
110 as was explained in connection with FIG.5D with respect 
to the first material layer. 

Referring to FIG.9E, at least one through-hole is formed 25 
through the first substrate 1, the second substrate 101, the first 
material layer 9, the second material layer 109, and the third 
material layer 110 at a position so that the through-hole 
reaches through electrically conductive regions connected 
with the respective chips. Then the through-hole is filled with 30 
an electrically conductive material to form an electrical con 
ductor 116 and contact pads 117 are formed on the surface of 
the first substrate 1 and/or the surface of the second substrate 
101, the electrically conductive contact pads 117 being con 
nected with the electrical conductors 116. 35 

It is to be noted that the arrangement as depicted in FIGS. 
9D-E is not necessarily symmetrical with respect to the 
opposing housings 5 and 105 and their dimensions, the elec 
trically conductive regions, the thickness and material of the 
first and second substrates 1 and 101, respectively, the thick- 40 
ness and material of the first and second material layers 9, 
109, respectively. These and other parameters can be chosen 
differently. 

It should further be noted that the way of attaching and 
contacting the chips 2 and 102 to their respective substrates 45 
and electrical contact areas can also be performed according 
to the embodiment of FIGS. 4A-G, namely by adhering one 
Surface of the chip to the Substrate an electrical connecting via 
wire bonds. 

Referring to FIG. 10, there is illustrated a schematic rep- 50 
resentation of a further embodiment of a device in a sectional 
side view. The device 400 as illustrated in FIG. 10 includes a 
first substrate 401 and a second substrate 411. A first housing 
405 is attached to the first substrate 401 and a second housing 
415 is attached to the second substrate 411. Within the first 55 
housing 405 a first chip 402 is attached to a surface of the first 
substrate 401. The first chip 402 is in fact a double chip 
arrangement wherein one chip is attached with one of its 
surfaces to the surface of another chip. One of the chips is a 
sensor chip. Both chips include contact pads (not illustrated) 60 
connected by wire bonds to electrically conductive areas 
arranged on the surface of the first substrate 401. Within the 
second housing 415 a second chip 412 is attached to a Surface 
of the second substrate 411. The second chip 412 includes 
contact pads (not illustrated) connected by wire bond to elec- 65 
trically conductive areas arranged on the Surface of the sec 
ond substrate 411. A first through-hole 401A is formed into 
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the first substrate 401 for the purpose of signal access to the 
first chip 402. A second through-hole 411A is formed in the 
second Substrate 411 and layers applied to the second Sub 
strate 411 for the purpose of signal access to the second chip 
412. The second chip 412 can be as well a sensor chip as the 
first chip 402. A first material layer 406 is laminated onto the 
first substrate 401 and the first housing 405 and a second 
material layer 407 is laminated onto the second substrate 401 
and the second housing 415. A third material layer 408 is 
laminated between the first material layer 406 and the second 
material layer 407 thereby mechanically connecting the first 
and second substrates 401 and 411 and the respective assem 
blies attached to them. A third chip 422 is attached to an upper 
surface of the second substrate 411. A fourth material layer 
413 and a fifth material layer 414 are laminated onto the 
surface of the second substrate 411 and the third chip 422 so 
that the fifth material layer forms a virtually planar surface. 
Then through-holes are formed through the whole stack of 
substrates and material layers and filled with an electrically 
conductive material, respectively, to form electrical conduc 
tors 426. On the surfaces of the first substrate 401 and the fifth 
material layer 414 electrically conductive areas 427 are 
formed which are at least in part in connection with the 
electrical conductors 426. Electrically conductive bumps 428 
are applied onto the electrically conductive areas 427 on the 
surface of the first substrate 401. 

In addition, while a particular feature or aspect of an 
embodiment may have been disclosed with respect to only 
one of several implementations, such feature or aspect may be 
combined with one or more other features or aspects of the 
other implementations as may be desired and advantageous 
for any given or particular application. Furthermore, to the 
extent that the terms “include”, “have”, “with', or other vari 
ance thereof are used in either the detailed description or the 
claims, such terms are intended to be inclusive in a manner 
similar to the term “comprise'. The terms “coupled and 
“connected along with derivatives may have been used. It 
should be understood that these terms may have been used to 
indicate that two elements co-operate or interact with each 
other regardless whether they are in direct physical or elec 
trical contact, or they are not in direct contact with each other. 
Furthermore, it should be understood that embodiments of the 
invention may be implemented in discrete circuits, partially 
integrated circuits or fully integrated circuits or programming 
means. Also, the term "exemplary' is merely meant as an 
example, rather than the best or optimal. It is also to be 
appreciated that features and/or elements depicted herein are 
illustrated with particular dimensions relative to one another 
for purposes of simplicity and ease of understanding, and that 
actual dimension may differ substantially from that illus 
trated herein. 

Although specific embodiments have been illustrated and 
described herein, it will be appreciated by those of ordinary 
skill in the art that a variety of alternate and/or equivalent 
implementations may be substituted for the specific embodi 
ments shown and described without departing from the scope 
of the present invention. This application is intended to cover 
any adaptations or variations of the specific embodiments 
discussed herein. Therefore, it is intended that this invention 
be limited only by the claims and the equivalents thereof. 
What is claimed is: 
1. A device comprising: 
a first substrate; 
a first chip disposed above the first substrate, the first chip 

being a sensor chip; 
a second Substrate disposed in a spaced and opposite rela 

tionship to the first substrate; 
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a second chip disposed above the second Substrate and in a 
spaced and opposite relationship to the first chip; 

a material layer disposed between the first substrate and the 
second Substrate; 

a first cavity formed between the first substrate and the 
material layer, wherein the first chip is disposed inside 
the first cavity; and 

a second cavity formed between the second substrate and 
the material layer, wherein the second chip is disposed 
inside the second cavity. 

2. The device of claim 1, further comprising: 
a first housing disposed above the first substrate, wherein 

the first cavity is defined by the inside of the first hous 
1ng. 

3. The device of claim 1, further comprising: 
a second housing disposed above the second Substrate, 

wherein the second cavity is defined by the inside of the 
second housing. 

4. The device of claim 1, further comprising: 
at least one electrical conductor formed through the first 

Substrate, the second Substrate and the material layer. 
5. The device of claim 1, wherein the second chip is a 

controller chip to control the function of the first chip. 
6. A method comprising: 
applying a first chip above a first Substrate, the first chip 

being a sensor chip; 
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applying a second chip above a second Substrate 
arranging the second substrate in a spaced and opposite 

relationship to the first substrate so that the first chip is in 
a spaced and opposite relationship to the second chip; 
and 

applying a material layer between the first Substrate and the 
second substrate so that a first cavity is formed between 
the first substrate and the material layer, the first chip 
being disposed inside the first cavity, and a second cavity 
is formed between the second substrate and the material 
layer, the second chip being disposed inside the second 
cavity. 

7. The method of claim 6, further comprising: 
applying a first housing to the first Substrate, wherein the 

first cavity is defined by the inside of the first housing. 
8. The method of claim 6, further comprising: 
applying a second housing to the second Substrate, wherein 

the second cavity is defined by the inside of the second 
housing. 

9. The method of claim 6, comprising forming at least one 
electrical conductor through the first substrate, the second 
Substrate and the material layer. 

10. The method of claim 6, comprising applying the mate 
rial layer by laminating it to the first substrate and the second 
substrate. 


